Abstract Analysis of the frequency data of each fingerprint type (arch, ulnar loop, radial loop, and whorl) of the parents of children with Trisomy 21 (Fathers: 71; Mothers: 128) born between 1965 and 1970 obtained from the Tokyo Medical and Dental University Hospital was carried out. Japanese controls were taken from dermatoglyphics data in Japan. We conducted the Friedman test on each type of fingerprint between Japanese controls and parents of Trisomy 21 children.
Introduction
Dermatoglyphics is the study of fingerprints, palmprints and toeprints. Studies of these traits have been advocated by Cummins in the United States (Cummins, 1961) . In the history of dermatoglyphics, there are descriptions of fingerprints and palmprints by Grew (Caplan, 1990; Lambourne, 1977) as early as 1684 and by Malpighi in 1686 (Lambourne, 1977) . In 1823, for the first time, Purkinje methodically classified fingerprints into 9 types (Caplan, 1990; Cummins and Kennedy, 1991; Lambourne, 1977) .
In addition, at the end of the 19th century, Galton reported on the segmentation of dermatoglyphics, comparisons among twins and ethnic groups, and, most importantly, a rule called "proof of no change." This rule states that an individual's dermatoglyphics remain unchanged throughout his/her lifetime (Stigler, 1995) . On the basis of these original studies, many researchers have investigated dermatoglyphics in various fields such as forensic medicine, genetics and anthropology. Recently, recognition of irregular fingerprints among patients with certain types of congenital anomalies has drawn attention to the field of medical dermatoglyphics (Schauman and Alter, 1976; Reed, 1981; Shiono, 1986; Honda and Ishida, 1990) .
The first report on the irregularity of fingerprints and palmprints in clinical medicine was presented by Cummins (Cummins, 1961) . The report concerned the fingerprints of 60 children with Trisomy 21. Later, elucidation of the relationship between Trisomy 21 and irregularities in chromosomes accelerated interest in fingerprints (Blank, 1962; Carr, 1962; Warkany and Soukup, 1963) . There are many reports on the relationship between dermatoglyphics and autosome anomalies; among these are Trisomy 21, E-Trisomy, DTrisomy and 5P syndrome. Similar relationships are seen with sex chromosome anomalies, including Klinefelter's and Turner's syndromes (Holt and Lindsten, 1964; Pfeiffer and Kiera, 1968; Cushman and Soltan, 1969; Fujita, 1969; Penrose, 1969; Shiono et al., 1977; Rignell, 1985; Than et al., 1998) . Along with reports which examined patients, there has been research on the dermatoglyphics of the parents of patients with autosomal anomalies and sex chromosome anomalies (Holt and Lindsten, 1964; Cushman and Soltan, 1969; Ayme et al., 1975; Schmidt et al., 1981; Loesch, 1981) . But, in Japan, no such research has taken place.
Recently, an Israeli anthropologist published a study of dermatoglyphics on the parents of Trisomy 21 patients (Katznelson et al., 1999) . This showed a decreased frequency of whorls and arches in parents compared to controls. A constellation of genetic codes are inherited from parents by children, and it is well known that fingerprints are heritable and specific dermatoglyphics are found in congenital anomalies such as Trisomy 21. We examined the possibility of giving birth to Trisomy 21 children by investigating whether or Figure 1 shows the basic fingerprint types. The arch has no triradius, the loop has a single triradius (arrow A) and opens to one side, and the whorl has two or more triradii (arrow B) . Loops open toward the ulnar (U) or radial (R) side of the hand and are designated accordingly. Analysis of the fingerprints (arch, ulnar loop, radial loop, and whorl) of parents of children with Trisomy 21 (Fathers: 71; Mothers: 128) was carried out. Controls were taken from the dermatoglyphics data of Kishi and Hirai (1928) , Okajima (1969) , Matsui (1978) , and Shiono (1975) in Japan. Fingerprint data of parents of children with Trisomy 21 born from 1965 to 1970 were obtained from the Tokyo Medical and Dental University Hospital Faculty of Medicine, Tokyo, Japan. The fingerprints and palmprints of children with Trisomy 21 and the palmprints of their parents were not examined. Chromosomal analysis was performed on all children who had the standard Trisomy 21 karyotype (47, XX, ϩ21 or 47, XY, ϩ21). Prints of the dermal patterns on all their fingers were taken and studied. Statistical analysis was performed using the Friedman test in which we compared the appearance rate of each type of fingerprint between the controls and parents of children with Trisomy 21. The Friedman test is a non-parametric test (distribution-free) used to compare observations repeated on the same subjects. This is also called a non-parametric randomized block analysis of variance. Table 1 shows the mothers of children with Trisomy 21 and the female controls. Table 2 shows the fathers of children with Trisomy 21 and the male controls. Table 3 shows the results of a comparison between the controls and parents of children with Trisomy 21 by the Friedman test. With statistical analysis we investigated which types of fingerprints appear more/less frequently in parents of children with Trisomy 21 than controls. The method involved comparing the appearance rate of each type of fingerprint between the controls and parents of children with Trisomy 21. Results of statistical analysis based on the above data showed significant differences in there being more arches (pϽ0.0001) and fewer whorls (pϽ0.05) in mothers of children with Trisomy 21. Based on mothers' fingerprints, we suggest that females with a higher frequency of arches and a lower frequency of whorls had a greater possibility of bearing Trisomy 21 babies.
Material and Methods

Results
On the other hand, in fathers of Trisomy 21 children, the data showed significant differences in there being fewer whorls (pϽ0.05) and ulnar loops (pϭ0.06). We considered that pϭ0.06 for the ulnar loop was border line and that there would be a possibility of significant differences if the number of cases could be increased.
Discussion
Basic fingerprints are classified as the arch, ulnar loop, radial loop and whorl (Fig. 1 ). According to reports by Kishi, Hirai, Okajima, Shiono, and one report by Holt (Okajima, 1975; Shiono, 1983; Holt, 1964) , more whorls and fewer ulnar loops are present in Japanese compared to Caucasians. The frequency of each fingerprint type significantly differs depending not only on ethnicity but also by finger and gender (Than et al., 1998) . In all groups, males have a greater frequency of whorls and fewer ulnar loops and arches than females.
Although the use of various aspects of dermatoglyphics including fingerprints is not clear in law, the role of inheritance is well recognized. For example, parents with many whorls have a relatively high tendency to produce children with many whorls. Recently, Aihara suggested that inheritance of all types of fingerprints occurs in the same manner (Aihara et al., 1986) .
In addition, Hojo reports that changes in dermatoglyphics during inheritance from parent to child can be roughly classified into 4 types (Hojo, 1938) . Using this system, fingerprints may be due to genetic similarities between parents and children in many cases. The fingerprints of Trisomy 21 children and their parents have been analyzed by various methods and many articles about fingerprints and inheritance have been published (Ayme et al., 1979; Schmidt et al., 1981; Kaplan et al.,1970; Rodewald et al., 1982; Loesch, 1981; de lzuzquiza Uriszar-Aldaca, 1986) .
In Japan, the eruption rate of the ulnar loop is high (84-94%) in the fingerprints of children with Trisomy 21, especially on the index finger (Shiono, 1983) . In addition, almost 30% of Trisomy 21 patients have ulnar loops on all their fingers compared to only 5.7% in other children (Shiono, 1983) . In regard to fingerprint inheritance, parents with many ulnar loops tend to bear babies with many ulnar loops. Accordingly, there is a possibility that parents of children with many ulnar loops may have many ulnar loops. Although fingerprints of parents, brothers or sisters of Trisomy 21 children have been investigated, no clear relationship has been found. Statistically significant differences were found in there being more arches and fewer whorls in the mothers of Trisomy 21 children, and fewer whorls were seen in the fathers of Trisomy 21 children. Our study of fingerprint formation was from an embryological point of view.
Embryological studies have shown that a ridge appears in the fetus late in the third month or early in the fourth month of life. However, prior to this, a swell called a pad grows on finger heads, palms and plantae (Kimura and Kitazawa, 1986) . Pads appear in 6-week-old fetuses and gradually become more conspicuous. In humans the pads begin to disappear after a certain period. Pads on the hands completely disappear in the 12th fetal week and those on the plantae disappear in the 16th fetal week. The hands and plantae then become flat. On the hand, pad appearance and disappearance always occurs prior to 16 Fingerprints of Trisomy 21 Parents plantae. The timing of pad appearance and disappearance matches the appearance of the ridge. The ridge begins to appear while the pad swell remains, forming a pattern on the skin, and depending on the degree of curve and distortion, it becomes a whorl or ulnar loop. If a ridge forms after the pad disappears, straight and simple fingerprints like an arch are produced. We suggest that arch frequency particularly increases under the influence of genetic and environmental factors. Conversely, the length of pad retention was longer in the viviparity period of parents of Trisomy 21 children. Based on our result, it seems necessary to consider risk factors that pass through the placenta to the intrauterine environment, as well as other factors affecting fetuses and mothers. The frequency of arch is linked with E-Trisomy, D1-Trisomy in autosome aberration and Klinefelter's syndrome in sex chromosome aberration. Recently, several articles have been published showing that mental retardation is associated with arch frequency (Stevenson et al., 1997) and that anticonvulsant drugs and embryological development of fingerprint are associated (Bokhari et al., 2002) . These articles point out that increase of arches is found in the patients. In these studies, obvious physical anomalies were not found in the parents of Trisomy 21 children with arches. Therefore, arches may influence fetal growth, particularly of the ectoderm, which is related to the development of the central nervous system, and mesoderm, related to the development of the blood vascular system. We suggest that the above procedure is linked to cardiac anomalies and mental retardation, the features of Trisomy 21. Mothers of children with Trisomy 21 showed a significant difference in their frequency of arches. Fathers, Figure 1 shows the basic fingerprint types. The arch has no triradius, the loop has a single triradius (arrow A) and opens to one side, and the whorl has two or more triradi (arrow B). Loops open toward the ulnar (U) or radial (R) side of the hand and are designated accordingly. however, did not. Therefore, we speculated on the relationship between risk factors and the appearance of Trisomy 21 children over three generations on the mothers' side (Fig. 2) . In Fig. 2 , the fingerprint formations of mothers of Trisomy 21 children are inhibited by various risk factors delivered from grandmothers when mothers are fetuses. From various reports, it is known that fingerprints are clearly heritable. In order to examine the possibility of bearing Trisomy 21 babies by through an analysis of parental fingerprint types, it is necessary to collect data on the types of fingerprints of parents of Trisomy 21 patients.
We consider that the appearance of particular types of fingerprints will enable us to foresee, to a certain degree, the possibility of parents having Trisomy 21 babies. Our further assumption is that the analysis of parents at the gene level and the investigation of the presence or absence of risk factors would contribute to increased accuracy in predicting the chances of bearing Trisomy 21 babies.
